Vibration and acoustics travel through a structure under the action of an impact force at a position on that structure. The acoustic detection system comprises either an accelerometer or a microphone to capture the acoustic signatures of the vibrations. Both signatures can be simultaneously collected by an impact hammer test and are analysed by this non-destructive test to obtain more reliable results than those of a single signature. This work investigates the damage identification of the beam structure based on the experimental data collected from the impact hammer test using an accelerometer and a microphone. The damage detection experiment on a steel beam illustrates the reliability of the defect detection using the simultaneous measurements by two sensors.
INTRODUCTION
The impact hammer test should be an effective nondestructive evaluation tool for investigating the structural state of health. Impact-acoustics are coupled with the structural vibration. The impact force causes the acoustic pressure as well as the structural motion to the structure.
A microphone should be a measurement sensor utilized for detecting damage from the acoustic pressure. Non-contact microphones measure acoustic pressure produced by the vibrating surface. Its disadvantage is a less accurate analysis of the velocity of the surface vibration. Due to a vertical point impact at the surface, the surface wave propagates horizontally near the free surface with dominant energy. Above the surface, the ground vibration due to the surface wave acts as an acoustic source to radiate an acoustic wave in the air. This acoustic radiation -a radiating surface wave -from the ground surface wave brings the same information about the dispersion properties with the frequency and wavelength.
The impact-acoustics method has many advantages in comparison with measurement with accelerometers. Many methods to provide non-contact damage detection methods have been developed. Lu et al. presented an integrated mobile acoustics sensing system, which was developed to estimate the thickness and the elastic modulus for pavement layers by collecting measurements continuously at a walking speed. 1 Brigante and Sumbatyan reviewed acoustic non-destructive testing methods in the field of experimental studies of the physical properties of concrete. 2 Kim et al. recognized that the impact force and the acoustic pressure data can be used to identify the presence of delamination. 3 Luk et al. proposed a characteristic-extracting method using the wavelet packet decomposition for the impact acoustic non-detective evaluation. 4 Tong et al. investigated the acoustics characteristics obtained from impact sounds excited by the impact on tilewalls and developed a non-destructive evaluation method for bonding integrity inspection. 5 Klaerner et al. examined the elastic engineering constants and characterized the damping behaviour of the composites based on the acoustic analysis, tests of free oscillation of thin beams, and finite element models. 6 Buck discussed the potential applications of the acous-tic non-destructive evaluation for characterizing and assessing structural inhomogeneities in varied materials. 7 Ito and Uomoto experimentally observed the relation between the impact acoustics and the vibration at the same surface of the concrete. 8 Kitagawa et al. provided a defect estimation formula for asphalt concrete, which was paved using the impact acoustics method. 9 Zhu and Popovics proved the utility of the aircoupled impact-echo for the non-destructive evaluation of concrete under unwanted ambient acoustic noise. 10 Hlavac verified the ability of the impact-echo method to detect a defect in a concrete structure. 11 The impact-acoustics method could be applied when testing concrete and masonry structures. Zakiah et al. developed a non-invasive and non-destructive defect detection method for a seamless steel tube using the impact hammer method. 12 Most methods using microphones to receive sounds and to analyse waveforms were developed to evaluate defects in concrete. The disadvantage of these methods is less accuracy in analyses of surface vibration velocity.
Due to their mass, accelerometers have a significant influence on the measured object. The mass of the accelerometer should be significantly smaller than the mass of the system to be monitored so that it does not change the characteristic of the object being tested.
Both the acoustic response (microphones) measured by the sound pressure and the structural response (acc) are collected. The Noise Transfer Function (NTF) measures the sound pressure with microphones via the mechanical excitation (p/F). The Vibration Transfer (VTF) measures the vibration in terms of acceleration over the excitation force (a/F). The experiment is performed with an impact hammer as a source, and the responses were also measured with microphones and accelerometers. Havranek dealt with a simply supported steel beam, producing a sound field and measured beam resonant frequencies with microphones and accelerometers and comparing their advantages. 13 Wu and Siegel investigated the fundamental principles of the accelerometer and the microphone measurement techniques. 14 Silva et al. presented research results of the hammer test measured by an accelerometer and a microphone for a vibration analysis using non-invasive tests for fouling detection in pipelines. 15, 16 Donskoy et al. developed vibro-modulation
